We present observations of the NH 3 (J,K) = (1,1) and (2,2) inversion transitions toward the infrared dark cloud G28.34+0.06, using the Very Large Array.
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Introduction
Stars form from the collapse of dense molecular gas and dust. While low-mass stars tend to form in isolation and small groups, high-mass stars ( M > 8 M ⊙ ) are born almost exclusively in clusters (Lada & Lada 2003) . The process of low-mass star formation in the isolated environment is relatively well studied (Shu, Adams & Lizano 1987) . However, the processes through which gas and dust condense to assemble massive stars and clusters are poorly understood. Klessen (2004) and Mac Low (2004) proposed that, in large scales, the supersonic turbulence provides the support to the cloud, while, in small scales, density enhancements cause gravitational collapse. And Myers (1998) and Goodman et al. (1998) also proposed that, after the turbulence dissipation, gas condensation will loss internal support against the gravity to form stars. Such scenario requires observational tests in massive regions where clouds are very likely to form massive stars and clusters. Studies of massive infrared dark clouds (IRDCs) can provide such opportunities.
Infrared dark clouds are the dark patches in the sky revealed in the infrared wavelengths against the bright galactic background. Surveys along the galactic plane using the Infrared Space Observatory (ISO) and the Midcourse Space Experiment (MSX) identified thousands of extinction features at 8 µm Hennebelle et al. 2001; Simon et al. 2006) .
Their spatial coincidence with emission from molecular lines and dust indicates that these dark clouds consist of dense molecular gas and dust of n H 2 ∼ 10 5 cm −3 (Carey et al. 1998 (Carey et al. , 2000 . Temperatures in these clouds are low enough (10-20 K) that they do not radiate significantly even at the mid or far infrared wavelength. The large amount of dense gas and dust in these clouds make them the natural birth place for clusters (Carey et al. 1998 (Carey et al. , 2000 Johnstone et al. 2003; Rathborne et al. 2005 Rathborne et al. , 2006 Rathborne et al. , 2007 Teyssier, Hennebelle & Pérault 2002; Redman et al. 2003; Pillai et al. 2006a,b; Sridharan et al. 2005; Beuther et al. 2005 ).
However, most of the previous studies focus on IRDCs that already have strong star formation activities (e.g. Rathborne et al. 2005) , and thus, are at a more evolved evolutionary stage. In addition, due to the large distances to these objects, observations with single dish telescopes do not have sufficient spatial resolution to reveal the substructures in massive clumps and variations of physical parameters. Using the Very Large Array, we imaged a giant infrared dark cloud, G28.34+0.06 at high angular resolution. The object of interest is a good target to search for molecular clumps in an early evolutionary stage. At a distance -3 -of ∼4.8 kiloparsecs (kpc), it contains about 10 3 M ⊙ of dense gas in the infrared absorption region (Carey et al. 2000; Rathborne et al. 2006) . The NH 3 observations with the Effelsberg 100m telescope show that, on average, its line width is smaller than those obtained in high mass protostellar objects and Ultracompact HII (UCHII) regions, and the gas temperature is lower than 20 K (Pillai et al. 2006b ). In our VLA observations, the temperature structure and line width variations indicate that the northern region of G28.34 harbors massive protostellar objects, while, in the southern region, the clumps have characteristics of the earliest phase of star formation.
Observations
We observed the NH 3 (J, K) = (1,1) line at 23. The visibility data sets were calibrated and imaged using the AIPS software package of the NRAO. The average rms of the final images is ∼ 3 mJy/beam per 48.8 KHz wide channel.
The synthesis beam is about 3 ′′ ×5 ′′ when using the natural weighting of the visibilities. In order to recover extended structures missing in the interferometer data, we combined the visibility data from the VLA with the Effelsberg 100m single dish data from Pillai et al. (2006b) for both the NH 3 (1,1) and (2,2) lines following the Miriad procedure outlined in Vogel et al. (1984) . It is difficult to predict whether the Southern Region will eventually form -5 -massive stars similar to the Northern Region. The Southern Region contains more dense molecular gas than the Northern Region. Assuming a similar star forming efficiency, one would expect a more massive cluster to emerge in the Southern Region. However, since the south is spatially more enxtended, it may form less massive stars than the Northern Region. On the other hand, if the cluster follows a normal Salpeter IMF, one would expect more massive stars in the Southern Region. Thus, a lack of luminous infrared sources in the south indicates that it is at an earlier evolutionary stage than the Northern Region. Furthermore, the radio data in conjunction with the infrared data appear to suggest an evolutionary sequence of star formation, starting with an evolved stage in IRAS 18402-0403/IRS3; to an embedded phase in IRS2 which has a luminosity similar to high-mass protostellar objects; to less luminous IRS1 which has strong mm continuum, and H 2 O maser emission; and finally to NH 3 clumps which only has strong mm continuum emission, but no 24 µm emission peak nor H 2 O maser emission.
The NH 3 data reveal physical properties that further confirm the difference in the Northern and Southern Region. In the Northern Region, there is a dominant compact clump P2 associated with IRS 2 (α (2000) =18:42:51.92 δ (2000) = -03:59:54), which has a peak rotation temperature close to 30 K and a FWHM line width larger than 3 km s −1 , and is surrounded by an extended envelope. By averaging rotation temperatures in the Northern Region of the same NH 3 (1,1) intensities, we derived a relation between the two quantities. Fig. 2 presents the average NH 3 temperature within an intensity bin versus the mean value of the bin. As shown in the black line in Fig. 2 , the rotation temperature in the Northern Region increases with the increase of the integrated intensity, which indicates strong internal heating in clump P2 of the Northern Region. Therefore, although clump P2 is embedded in the 8 µm dark region, the high temperature, large line width, strong water maser, and 24 µm point source indicate that this compact clump is forming massive protostellar object(s), similar to the compact cores found in other IRDCs (Pillai et al. 2006a; Rathborne et al. 2005 Rathborne et al. , 2007 Beuther et al. 2005 ).
On the other hand, the NH 3 emission from the Southern Region appears to have different characteristics as compared to that in the Northern Region. The red line in Fig. 2 shows that the rotation temperature in the Southern Region decreases with the increase of the integrated NH 3 intensity. On average, areas with stronger NH 3 emission have lower temperatures, which -6 -indicates absence of strong internal heating in the southern clumps, unlike P2 in the north.
Toward the most compact clump P1/IRS1 in the Southern Region, the NH 3 gas has a lower rotation temperature (∼16 K) and narrower line width (∼1.8 km s −1 ) than that in P2. We also note that the temperature decrease appears to flatten toward the highest intensity in the red line in Fig. 2 . This could be due to the limited heating from star formation activities in the area.
We also compared the general properties of G28 Southern Region with the local, in- abundance (0.3 × 10 −7 ) in both regions. The mass within the dense filament estimated from dust emission is ∼1500 M ⊙ in G28.34-south region , while the dense mass in OMC-north is ∼350 M ⊙ (Lis et al. 1998 ). On the other hand, G28.34-south region extends 4 ′ (∼6 pc) at the distance of ∼4.8 kpc, while OMC-north extends 20 ′ (∼3 pc) at the distance of ∼0.48 kpc. All these parameters indicate that G28.34-south has colder and more turbulent dense gas packed in a smaller region than OMC-north.
Line Width Variation of NH 3 Emission toward Peaks P1 and P2
We examined the spatial variation of NH 3 (1,1) line width from the VLA data as well as that combined with the Effelsberg 100m single dish data. The line width variations after the data combination provide kinematic information on the scale of ≥ 0.1 pc (4 ′′ in 4.8 kpc).
The line width of P1 and P2 before and after the data combination are shown in Table 1 .
It appears that the line width in P1 is broader after adding the single dish data, while, in P2, we find an opposite effect. Since the missing flux in an interferometer corresponds to the extended spatial structures, the variation in the line width represents a change in the level of turbulence in their envelopes/cores along the line of sight. Normally, in a typical This effect is also shown in line width distribution in Fig. 3 . The line width distribution appears to behave differently in the clumps from the Northern and Southern region after data combination. As shown in Fig. 3 , for the cold clump P1 in the Southern Region, the mean line width becomes broader after recovering the missing flux, while for the warm clump P2, the mean line width is similar to the one from the interferometer data alone. Furthermore, the line widths of the entire Southern Region follow a distribution similar to P1. We find that the effect of relative motions among clumps can be ruled out. We tested this scenario by convolving the combined interferometer data to the resolution of the single dish telescope data, we calculated the molecular mass and virial mass (Estalella et al. 1993 ) of P1 and P2 (Table 1 ). In P1, the material seen from both interferometer alone and the combined data sets is gravitationally bound. Red columns are the number count from the VLA data set. Green columns are the number count from the combined data set (VLA+100m). Left: Line width distribution for clump P2 over an area of 10 ′′ × 10 ′′ . Right: Line width distribution for clump P1 over an area of 15 ′′ × 5 ′′ . The NH 3 line widths, measured in FWHM, are corrected for optical depth and broadening due to hyperfine structures.
-13 - Note. -Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds.
a The first number is obtained from the VLA data only; The second number is obtained from the combined data.
b The NH 3 abundance is calculated by comparing the column density of dust and NH 3 emission. We convolved the NH 3 data to 11 ′′ , the the resolution of the dust emission, and assumed that the NH 3 abundance is the same in (11 ′′ × 11 ′′ ).
c The coordinates of P1 and P2 refer to the integrated intensity peaks of combined NH 3 (1,1) data.
